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In the current study, a technique for performing serial
thallium imaging after two separate tracer injections was
applied to exercise thallium imaging, thus allowing the
acquisition of rest and exercise images within 1 hour.
Twenty-four patients with and 10 patients without sig-
nificant coronary artery disease were studied. One mCi
of thallium-201 was injected intravenously and imaging
was performed at rest in three projections. The patient
was then stressed and an additional 1 mCi of thallium
injected during exercise. Images in the same three pro-
jections were collected. After computer realignment, the
rest image was subtracted from the exercise image to
produce an image representing perfusion during exercise.
All 24 patients with coronary artery disease had a
positive study, while 9 of 10 without disease had a neg-
ative study. The images were then interpreted using a
computer method designed to quantitate regional myo-
The current method of assessing myocardial perfusion with
thallium is limited to one study at a time because of the
relatively long physical and biologic half-life of the tracer.
Several days are necessary for background to be low enough
to allow a second study. However, there are clinical situ-
ations in which two perfusion studies in I day would be
desirable, such as before and after coronary angioplasty or
streptokinase thrombolysis. Furthermore, the current method
of exercise imaging requires 2 to 3 hours because delayed
images are presumed to represent perfusion at rest. There-
fore, a method of obtaining two perfusion images in one
setting would be helpful.
To accomplish this, our laboratory chose an approach
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cardial thallium distribution and redistribution. With
quantitative interpretation, 23 of 24 patients with coro-
nary disease had a positive study, while only 1 without
disease had a positive study.
With qualitative interpretation, 39 (89%) of 44 ste-
nosed coronary arteries demonstrated thallium defects
in corresponding myocardial segments, while 54 (93%)
of 58 nonstenosed coronary arteries did not. With quan-
titative interpretation, 38 (86%) of 44 stenosed coronary
arteries demonstrated thallium defects in corresponding
myocardial segments, while 53 (91%) of 58 nonstenosed
coronary arteries did not.
A split dose thallium imaging technique that allows
imaging before and immediately after exercise, thus
markedly reducing the study time, has been validated.
(J Am Coil Cardiol 1985;5:70-7)
that subtracts the initial images from the images obtained
after the second injection. We previously reported (I) a
technique using intravenous dipyridamole for obtaining thal-
lium images before and immediately after an intervention
that alters myocardial perfusion. The technique was origi-
nally validated using dipyridamole-thallium imaging so that
possible problems due to patient motion and ventricular
dilation could be minimized. However, such a technique
would be more valuable if validated using exercise for the
following reasons: 1) intravenous dipyridamole is not cur-
rently approved by the Food and Drug Administration for
use with thallium imaging; therefore, the use of intravenous
dipyridamole with thallium imaging is limited currently to
investigation sites, and 2) even when intravenous dipyrid-
amole does become widely available for use with thallium
imaging, exercise may stilI be the preferred form of stress,
since additional diagnostic and functional information can
be derived from the hemodynamic. symptomatic and
electrocardiographic response to exercise.
Accordingly, the purposes of the present study were to:
1) develop and validate a split dose thallium imaging tech-
nique for use with exercise, and 2) apply quantitative pro-
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Figure I. Protocol for split dose thallium imaging with exercise .
Tl-201 = thallium-2ot .
grams for thallium image interpretation to this technique .
Both purposes require computer analysis of the images for
realignment, mask subtraction and regional quantitation .
Methods
Study patients. The study group consisted of34 patients
(24 men and 10 women) referred for cardiac catheterization
because of chest pain . The study sample represented a con-
secutive series of patients consenting to the study protocol.
The mean age for the study group was 49 ± 12 years ( ±
I standard deviation). All patients had cardiac catheteriza-
tion and thallium imaging. one study within I week of the
other. Nine patients had a history of a prior myocardial
infarction. Eighteen patients were taking propranolol, 18
long-acting nitrates and 12 a calcium channel blocking agent
at the time of the study.
Cardiac catheterization. Selective coronary angio-
grams were recorded with 35 mm cinematography at 60
frames per second . Yentriculograms were performed in the
30° right anterior oblique and 50° left anterior oblique pro-
jections in al1 but one patient (Case I). The coronary an-
giograms were interpreted by two observers who graded the
percent stenosis of a coronary lesion to the nearest 5% using
calipers. The left ventricular cineangiograms were inter-
preted by the same two observers and ventricular wall mo-
tion was interpreted as normal , hypokinetic , akinetic or
dyskinetic . Left ventricular ejection fraction was calculated
using an area-length technique. The interpreters were not
aware of the thallium imaging results . Twenty-four patients
had significant coronary artery disease ( ~50% narrowing
of a least one major coronary artery in at least two projec-
tions) and 10 did not. Of the 102 major coronary arteries
s.tudied (three major coronary arteries per patient in 34 pa-
tients), 45 demonstrated significant stenoses and 57 did not.
Thallium image acquisitions. The imaging protocol is
illustrated in Figure I. The patient was placed in the supine
position and a 12 lead electrocardiogram was obtained. A
20 gauge plastic cannula was placed in a large antecubital
vein . One mCi of thallium-201 (thallous chloride) was then
injected intravenously (New England Nuclear Corporation).
Sequential imaging in the anterior. 50° and 70° left anterior
oblique projections was begun 5 minutes later. Images were
recorded for a preset time of 8 minutes each with a mobile
gamma camera (Picker Dynacamera. Picker Corporation)
interfaced with a MUGA CART computer system (Medical
Data Systems) and equipped with a medium resolution par-
allel-hole collimator. A 30% energy window encompassing
the X-ray emissions at 60 to 80 keY was selected. Data
were collected in a 128 x 128 matrix-byte mode format.
Exercise protocol. Immediately after the 70° left anterior
oblique image obtained at rest . without moving the camera
head, the patient was stressed in the supine position with a
bicycle ergometer. Electrocardiographic leads I, II and III
were monitored continuously and selected 12 leads and cuff
blood pressure were recorded at 2 minute intervals. The
initial exercise work load was 150 kilopond-meters (kp-
m)/min and increased by 150 kp-m/min every 2 minutes.
Exercise was symptom-limited by chest pain, shortness of
breath or leg fatigue. Approximately 30 to 60 seconds before
the anticipated completion of exercise, an additional I mCi
of thallium-201 was injected intravenously . Five minutes
later , images were collected in the 70° left anterior oblique.
then 50° left anterior oblique and anterior projections. Two
and one-half to 3 hours after the exercise, myocardial im-
aging was repeated in the anterior, 50° and 70° left anterior
oblique projections . Although these delayed images are not
a part of the split dose thallium-20 I technique, they were
acquired in this study to determine the additional value of
comparing the rest with the delayed images .
Thallium image processing. All images were converted
from 128 x 128 matrix-byte mode format to 64 x 64 matrix
mode. and then transferred to a VAX 111780 computer
(Digital Equipment Corporation) . Three serial images in the
same projection were displayed using a DeAnza Systems
image display buffer. The images were then realigned using
a program that we have previously described and validated
(2) . Briefly. an elliptical perimeter is placed by the operator
around the left ventricular activity of the image obtained
a.ft.er the second thallium dose . The ellipse is carefully po-
sitioned so that its edge is at least I pixel away from the
actual myocardial activity. Realignment of the left ventric-
ular activities on the rest image and the second dose image
surr~unded by the ellipse is performed by repositioning the
rest Image so that its left ventricular activity best fits into
the ellipse . This is automatically accomplished by horizontal
and vertical translation and rotation . Best alignment occurs
when the product of thallium counts for the two images
reache s a maximal value . This maximal value (R max) is
computed by the following equation in which the products
are the differences between absolute activity per pixel and
the mean activity per pixel in each image :
R max = Sum AiBi/Square root (Sum Ai2)(Sum Bi2) ,
where Ai and Bi are count activities in the pixels of the
same location within the ellipse for the two images A and
B. The realignment takes about 30 seconds and requires
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Figure 2, Schematic drawing demonstrating the ventricular seg-
ments for thallium images.
count activities within the myocardium in the three myo-
cardial images were normalized to the nine point smoothed
pixel with the most activity within the ellipse of the sub-
traction myocardial image. Count activities in the same pixel
location in the rest and delayed images were then set to
100% and count activities of the remaining pixels in the two
images were normalized accordingly. The thallium activity
profile curve of the left ventricular myocardium in each
image was determined at approximately 200 equally spaced
points along the elliptical perimeter by the maximal mean
peak activity of a running average in three pixels within the
myocardium on lines perpendicular to the tangents of the
points around the ellipse. Activities from the nonmyocardial
portion within the ellipse were excluded by eliminating counts
beyond a line joining two points on the basal portion of the
ellipse. These two points were manually defined by the
operator to represent the valve plane. The remainder of the
left ventricle was subdivided into three segments and labeled
as shown in Figure 2. Mean normalized regional thallium
activity for each of the segments was then calculated.
The following criteria were used to define an abnor-
mality. Any subtraction image segment with less than 75%
of maximal counts was considered abnormal (except for the
\
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about 16,000 words of memory. Although we performed
the realignment on a VAX 11/780, a large and fast com-
puter, the memory requirements are well within the capacity
of smaller portable cardiac computers.
After image realignment, background correction was per-
formed by defining a "background" ellipse that was two
pixels outside of the original ellipse. Actual background
subtraction (Bp) for each pixel (p) within the original ellipse
was computed from the following equation:
Bp = Sum (Ai)(Wip)/Kp,
where Ai is the counts activity in I pixel along the perimeter
of the background ellipse at point i and Wip is the weighing
factor for the pixel measured according to the distance d
between pixels i and p and the angle Q subtended by the 2
adjacent pixels to i from p. The weighing factor Wip was
inversely proportional to the distance d between the 2 pixels
i and p, but directly proportional to the angle Q. Kp is a
constant defined as the sum of all the weighing factors on
the perimeter of the background ellipse:
Wip = (Qip)(I - dip/drnax) and Kp = Sum Wip.
The realigned rest image was then subtracted from the
exercise image to produce an image representing perfusion
during exercise (subtraction image). Mean (± I standard
deviation) counts were 383,485 ± 30,800 for the subtrac-
tion images, 396,802 ± 29,861 for the rest images, 559,830
± 43,331 for the delayed images and 782,321 ± 43,401
for the exercise images.
Qualitative thallium image interpretation (3). The
subtraction, rest and delayed thallium images were dis-
played side by side on the DeAnza Systems image display
unit. The images were interpreted by two independent ob-
servers who were unaware of the cardiac catheterization
results. The ventricle was divided into anterolateral, apical
and inferior segments in the anterior projection, septal, ap-
icoinferior and posterior segments in the 50° left anterior
oblique projection and posterolateral, apical and anterola-
teral segments in the 70° left anterior oblique projection
(Fig. 2). First, the rest image was compared with the sub-
traction image and each segment described as demonstrating
normal activity or a transient, persistent or combined tran-
sient/persistent defect. A transient defect was one that was
present on the subtraction image, but not on the rest image.
A persistent defect was one that was present and equally
extensive on both the subtraction and rest images. A com-
bined transient/persistent defect was one that was less ex-
tensive on the rest image, but was still present on the sub-
traction image. The same system was used for interpreting
the rest versus delayed images. Differences in opinion as
to the presence or absence of a defect by the two observers
were resolved by consensus.
Quantitative thallium image interpretation. To com-
pare activity profile curves from the serial thallium images,
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septal, apical and apicoinferior segments). For these latter
segments, less than 60% of maximal counts was considered
abnormal, since these segments can normally demonstrate
reduced activity. If the activity for an initially abnormal
segment increased by at least 20% relative to the normal
wall on the rest image, the defect was considered transient;
otherwise it was considered persistent. If the activity for an
initially abnormal segment increased by at least 20% relative
to the normal wall on the rest image, and yet it remained
less than 75% of maximal activity (60% for septal, apical
and apicoinferior segments), the defect was considered com-
bined transient and persistent.
Data analysis. For correlations with coronary anatomy
and left ventricular wall motion on angiography, the fol-
lowing assumptions were made. A dominant right coronary
artery was considered to supply the inferior and part of the
apicoinferior segment. The left anterior descending coronary
artery was considered to supply the anterolateral, apical,
septal and part of the apicoinferior segment. The left cir-
cumflex coronary artery was considered to supply the pos-
terior segment (4). Thallium perfusion for each segment and
patient was then compared with the corresponding wall mo-
tion on left ventricular cineangiography and with coronary
anatomy. A set of thallium images with at least one tran-
sient, persistent or combined transient/persistent defect W<lS
considered positive for coronary artery disease.
Sensitivity and specificity were defined as:
Sensitivity = True positive results/(True positive results
+ False negative results).
Specificity = True negative results/fTrue negative results
+ False positive results).
All results were expressed as mean ± 1 standard devia-
tion. The proportions of myocardial segments demonstrating
defects corresponding to the three major coronary artery
distributions mentioned were compared using a chi-square
analysis.
Results
Patient and hemodynamic data. All 10 patients with
normal coronary arteries had normal regional wall motion.
The mean left ventricular ejection fraction was 68 ± 8%.
With exercise, the heart rate increased from 75 ± 15 to
136 ± 23 beats/min. The mean systolic blood pressure
increased from 119 ± II to 165 ± 22 mm Hg and the
mean diastolic blood pressure from 81 ± 11 to 92 ± 9 mm
Hg. The mean exercise duration was 12.0 ± 4.1 minutes.
No patient had chest pain during the test or developed sig-
nificant ST segment depression.
Of the 24 patients with coronary artery disease, 9 had
single vessel, 10 double vessel and 5 triple vessel disease.
There were 20 left anterior descending, 10 left circumflex
and 14 right coronary artery lesions. None of the patients
had a left dominant system. Twenty-four of a possible 216
left ventricular segments demonstrated akinesia or dyski-
nesia on ventriculography. The mean left ventricular ejec-
tion fraction was 55 ± 11% (p < 0.05 compared with those
having normal coronary arteries). With exercise, the mean
heart rate increased from 72 ± 17 to 110 ± 28 beats/min.
The mean systolic blood pressure increased from 124 ± 18
to 162 ± 29 mm Hg and the mean diastolic blood pressure
from 80 ± 10 to 89 ± 13 mm Hg. The mean exercise
duration was 9.4 ± 4.4 minutes. Eleven patients had chest
pain and six developed ST segment depression during the
test.
Examples of split dose thallium studies (Fig. 3). All
34 studies were considered technically adequate for inter-
pretation. Figure 3A demonstrates a normal split dose thal-
lium study from one patient with no coronary artery disease
(Case 32). There is homogeneous thallium activity in each
projection on the subtraction, rest and delayed images.
Figure 38 demonstrates the split dose thallium study from
one patient with 80% stenosis of a dominant left circumflex
coronary artery (Case 23). The nondominant right coronary
artery was completely occluded. The subtraction images
demonstrated a posterior segment defect on the 50° left
anterior oblique projection and a posteroinferior defect on
the 70° left anterior oblique projection by both qualitative
and quantitative analysis. The posterior segment defect was
transient and the posteroinferior defect was combined
transient/persistent.
Figure 3C demonstrates the split dose thallium study
from one patient with triple vessel coronary artery disease
(Case 15). By qualitative and quantitative analysis, there
were subtraction image defects involving the inferior seg-
ment of the anterior projection, and the apicoinferior and
septal segments of the 50° left anterior oblique projection.
Although there was partial thallium redistribution between
the subtraction and rest images in the inferior segment, there
was further redistribution between the rest and delayed im-
ages. This inferior segment was supplied by a totally oc-
cluded right coronary artery with good collateral blood sup-
ply from the left coronary artery.
Thallium imaging results. Table 1 lists the results of
the exercise split dose thallium study for the 34 patients.
Correlation with coronary artery disease. With quali-
tative interpretation, all 24 patients with coronary artery
disease had a positive study (sensitivity 100%). Nine of 10
patients without coronary artery disease had normal studies
(specificity 90%). One normal patient (Case 27) had inferior
and apicoinferior transient defects and an anterolateral per-
sistent defect. This patient was a woman with large breasts,
raising the question of breast attenuation as a cause for the
appearance of defects. With quantitative interpretation, 23
of 24 patients with coronary artery disease had a positive
study (specificity 96%). Again. only 1 of the 10 normal
patients had a positive study (specificity 90%). This same
patient (Case 27) had an inferior transient defect and an
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Figure 3. Threeexamplesof splitdose thalliumstudies. A, Patient
with normal coronary arteries. B, Patient with 80% stenosis of a
dominantleft circumflex and completeocclusionof a nondominant
right coronary artery. C, Patient with triple vessel disease. ANT
= anterior projection; LAO = left anterior oblique projection.
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there was further thallium redistribution between the rest
and delayed images in 16 segments (nine patients) . Fifteen
of the 16 were associated with at least an 80% coronary
stenosis, or with a complete occlu sion with good collateral
flow. With quantitative interpretation. there was further thal-
lium redistribution between the rest and dela yed image s in
14 segments (10 patient s) . Th irteen of the 14 were associated
with the same severe coron ary anatomy just mentioned .
Ventricular wall motion abnormalities. Segments dem-
onstrating either akine sia or dyskinesia on contrast left ven-
triculography were usually associated with a persistent thal-
lium defect in the correspondin g segment. Twenty-five
akinetic or dyskinetic segments were associated with a per-
sistent thallium defect in the corresponding segment in 20
DelayedSubtraction Re st
anterolateral persistent defect by quantitative analysis. This
woman had a history of atypical chest pain. however, and
had normal intracardiac pressures. coronary angiograms and
left ventriculograms at cardiac catheterization .
Correlation with location of coronary stenosis. Of the
102 coronary arteries (three arteries per patient in 34 pa-
tients) , 44 demonstrated significant stenoses and S8 did not.
With qualitative interpretation, there were thallium defects
in corresponding segments in 39 (89% ) of 44 instances of
steno sis: left anterior descending coronary artery (20 of 20),
left circumflex coronary artery (7 of 10) and right coronary
artery (12 of 14) (p = NS between coronary arteries). There
were no thallium defects in corresponding segments in 54
(93% ) of S8 instances of no stenosis: left anterior descending
coronary artery (12 of 14), left circumflex coronary artery
(24 of 24) and right coronary artery (18 of 20) (p = NS
between coronary arteries). With quantitative interpretation ,
there were thallium defects in corresponding segments in
38 (86% ) of 44 instances of stenosis: left anterior descending
coronary artery (19 of 20), left circumflex coronary artery
(7 of 10) and right coronary artery (12 of 14) (p = NS
between coronary arteries). There were no thallium defects
in corresponding segments in 53 (91% ) of S8 instances of
no stenosis: left anterior descending coronary artery (12 of
14), left circumflex coronary artery (24 of 24) and right
coronary artery (17 of 20) (p = NS between coronary arteries).
Thallium redistribution. With qualitative interpretation,
Table 1. Clinical Data on 34 Patients Q;"":;g n
Coronary "' nLV Angiogram ,;:> <
Arteriograms -0
"'-Pro- Segments 00·(% stenosis) Qualitative Thallium Results* Quantitative Thallium Results* en en
Age (yr) With EF :...J'pran- oZ
I 0
Case &Sex MI 0101 LAD LC RCA A or 0 (o/c) AL AP Inf Post AI Sep IP APL Ant AL AP Inf Post AI Sep IP APL Ant ....,.
A. Patients With Coronary Artery Disease
I 58M + lOOps/c 60 90 Not done T
2 46M + 80 55 T T
3 40M + + 50 60 100 AP 40 P P TP(T) P P TP(T)
4 36M + + lOOps 90m 77 P P
5 57M + + 80 100 Inf.Post 58 P P P P P T
6 58F + lOOc 90 AF,AL 69 T PIT) P TP(T) T T P P(T) T
7 64M + + 99 80 lOOc AL 50 T T TP T TP TP(T) TP TP
8 57F + 70 55 TP TP
9 41M + + 80 100m IVF,Post 63 T TP TP(T) TP(T) P T P P(T) P(T) P
10 51F - 90 AP 50 P TP P TP P P P P
II 33M + + lOOps 90m SEP 59 T T T P T T T T P T
12 43M - lOOc 62 T T
13 37M + lOOps/c 90 AL,AP 50 T T P(T) TP(T) TP P T T PIT) PIT) P P
14 35M + 80 99 100 54 T T T T T P T T
15 64M - 80ps 80 100c AL,AP 44 TP(T) T T PIT) P(T) T
16 56M 70 AP 56 T T T T T T
17 45M + + 98c 50 AP,AL 46 T T TP(T) TP(T) TP(T) TP(T) T T PIT) T PIT) PIT)
18 50F + 90c AP 66 T T T TP(T) TP T T P(T) P
19 53M - + 90 100mc Sep 57 T P P T P P
20 52F + 60m 64 P P P P Ul
-e
21 60M - - 80 AP 28 P P TP TP(T) PIT) r
=1
22 64M + + 100c AL 71 P TP(T) TP TP P PIT) TP TP 0
23 60M - 80 100nd Post 55 T TP T P 0Ul
24 67M lOOps/c 60 AL,AP,Sep T P P TP P T P P TP P tTl+ + 50 ...;
::t:
;J>
B. Patients With Normal Coronary Arteries rr
C
25 53M - - 77 3:N
26 45M - - 60 ~
27 47F - - 72 T T P T P §:
28 46F - 65 ;J>a
29 55M - - 68 Z
62 a30 45M - ~o31 54F - 64 "';7':
32 57F - 61 ::t:;J>tTl 0
33 49F - 85 x;J>tTlm
34 56M - - 67 "'...;O;J>
"'r
*Compares subtraction image with rest image; (T) indicates that further redistribution occurred between the rest versus delayed images. A = akinesia; AI = apicoinferior; tTl·
AL = anterolateral; Ant = anterior; AP = apical; APL =apicolaleral; c = distal vessels filled by collateral vessels; D = dyskinesia; EF = ejection fraction; F =
female; Inf = inferior; IP = inferoposterior; LAD = left anterior descending artery; LC x = left circumflex coronary artery; LV = left ventricular; m = mid; M
male; MI = history of prior myocardial .infarction; nd = nondominant; P = persistent thallium defect; Post = posterior; ps = posterior first septal branch; RCA
-.I
right coronary artery; Sep = septal; T = transient thallium defect; TP = combined transient and persistent defect; + = yes; - = no. V1
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instances (80%) with qualitative interpretation and In 21
instance s (84%) with quantitative interpretation.
Discussion
Exercise thallium imaging has become widely utilized
for the noninvasive assessment of patient s with a chest pain
syndrome (5). Early experiences with exercise myocardial
thallium imaging utilized separate injections of the tracer
during exercise and at rest. Thu s, if the initial postexercise
images demonstrated a defect, the patient had to return at
least 72 hours later for a rest injection of thallium and
reimaging. The delay between exercise and rest imaging
was essential because of the long physical half-life of thal-
lium-20 I. In 1976, Pohost et aJ. (6) reported the disap-
pearance of thallium myocardial defects present on initial
images over a period of several hours after transient exer-
cise-induced ischemia. However, initial defects due to scar
persisted over the several hour period . The current study
describes a technique for obtaining rest and exercise per-
fusion images without the need to wait several hours for
thallium redistribution .
Accuracy of method. In the current investigation, all
studies were of adequate technical quality for qualitative
analysis. AJthough the study group was small , with quali -
tative interpretation, patients with coronary artery disease
could be detected with a high sensitivity and specificity.
The high sensitivit y may have been partially due to the
existence of documented prior infarction in 9 of 24 patients
with coronary artery disease . The one false positive study
was in a woman with considerable attenuation due to breasts.
Furthermore, the technique was 89% sensitive and 93%
specific for individual coronary artery lesions . Akinetic and
dyskinetic regions on ventriculography were associated with
qualitatively interpreted persistent thallium defects in 80%
of patients. Although these results are at least comparable
with published resuJts with nonsplit dose techniques, future
studies should compare the results of the split dose technique
with the routineJy performed nonsplit dose technique in the
same patients .
Split dose technique using quantitative interpreta-
tion. In the current study, split dose thallium images were
also interpreted using a computer program for quantitative
analysis. Computerized analysis of thallium images is im-
portant because: J) such an approach reduce s subjectivity
and thus observer variance, 2) relativeJy IittJe experience is
required for conducting the program compared with that
required for qualitative analysis , and 3) such an approach
can quantitate as well as locate thallium image abnormalities.
The computer approach used in the current study has
several unique features . First, the automatic realignment of
left ventricular activities is essential for image subtraction.
Second, this method's determination of a thallium activity
profile does not depend on the assumption of a geometric
center, which is difficult if not impossible to Jocate in a
dynamically contracting heart . Third, this method 's esti-
mation of regional myocardial thallium activity uses the
mean of a three pixel wide band within the full thickness
of the left ventricular myocardium. Lastly , the background
correction is performed using an ellipse around the Jeft ven-
tricuJar activity , rather than a rectangJe or circle.
With this quantitative approach , the sensitivity of the
split dose exercise study was 96% with a specificity of90%.
Individual coronary artery lesions were detected with a sen-
sitivity of 86% and a specificity of 91%. There were no
significant differences in the overall results using qualitative
versus quantitative analysis .
Additional information derived from delayed im-
ages. This study describes a technique for acquiring rest
and exercise images over a short period of time. Thus, the
diagnostic information derived from exercise and deJayed
thallium images , currently requiring 3 hours to acquire, can
be obtained using the split dose technique in about J hour.
However, if additional diagnostic information is desired,
the split dose technique combined with delayed imaging
offers the option of acquiring rest, exercise and delayed
images. The acquisition of all three sets of images could be
used to grade the severity of a coronary artery Jesion as
follows: A coronary stenosi s that interfered with the normal
exerci se-induced augmentation in flow, yet did not reduce
flow at rest, would be expected to produce a defect on the
subtraction image , but no defect on the rest or delayed
image . A more severe stenosi s that also reduced flow would
be expected to produce a defect on the subtraction and rest
images; however, the delayed image should demonstrate
redistribution. In fact, our laboratory and others (7,8) have
reported such thallium redistribution at rest in patients with
severe coronary artery disease. In the current study, 16
segments demonstrated further thaIIium redistribution be-
tween rest and delayed images when quaJitatively inter-
preted . All but one were associated with either a stenosis
exceeding 80% of the luminal diameter or a compJete oc-
clusion with collateral flow. Both types of coronary anatomy
would be expected to reduce rest blood flow, but allow for
the possibility of viabJe myocardium. With quantitative
interpretation, 14 segments demonstrated further redistri-
bution between rest and delayed images. Thirteen of the 14
segments demonstrated the same high grade stenoses just
described .
Dosimetry. In the current study, we utiJized two J mCi
doses of thalIium. Thus, the total 2 mCi dose for the split
dose study was equaJ to the currently used dose for a routine
exercise thallium study . Better image quality could probably
be obtained using slightly higher thallium doses . Two 1.5
mCi doses (total dose 3 mCi) wouJd be reasonable to con-
sider because early thallium studies utilized a total dose of
4 mCi (2 mCi at exercise and 2 mCi at rest). In addition,
dosimetry calculations indicate a radiation dose to the target
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organ kidneys of 3. 15 rems for each of the two 1.5 mCi
doses. This falls well within required limits.
Comparison withsplitdosethallium dipyridamole im-
aging results. We have previously reported (1) a similar
split dose thallium imaging technique using dipyridamole
instead of exercise. Rest images were first acquired after a
I mCi thallium dose. Without moving the camera head.
dipyridamole was infused, an additional I mCi of thallium
was administered and imaging was repeated. Delayed im-
ages were acquired 3 hours later. The rest image was then
subtracted from the realigned dipyridamole image to produce
a subtraction image representing perfusion during dipyri-
damole-induced hyperemia. As in the current study. the
dipyridamole split dose technique was sensitive (84%) and
specific (98%) for individual coronary artery lesions. Over-
all. the technique was 91% sensitive and 100% specific for
coronary artery disease. One patient's images were tech-
nically inadequate for interpretation.
Unlike the procedure in the current study, the dipyrid-
amole split dose studies were not interpreted quantitatively.
However. as in the current study. most akinetic or dyskinetic
segments on ventriculography were associated with per-
sistent defects on the split dose dipyridamole study. Fur-
thermore. all segments demonstrating further redistribution
between rest and delayed images were associated with either
a 70 to 95% coronary artery stenosis or a complete occlusion
with good collateral flow.
Conclusion. A split dose thallium-20l technique has been
described for acquiring exercise and rest thallium images in
less than I hour. thus markedly reducing the time currently
required for distinguishing viable from nonviable myocar-
dium. When combined with delayed imaging, the split dose
thallium-20I technique can also be used to acquire rest,
exercise and delayed images. Acquisition of the additional
rest images might be useful for grading the hemodynamic
severity of certain coronary artery lesions. Finally. such a
split dose and subtraction imaging approach might be useful
in other situations where the assessment of perfusion at two
closely spaced points in time are required. One such situ-
ation would be the assessment of myocardial perfusion im-
mediately before and after interventions such as strepto-
kinase-induced coronary thrombolysis (3).
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